In the last decade there has been increased interest in the potential of home gardens to add to the food supply and income of rural households. A special issue of the Food and Nutrition Bulletin (vol. 7, no. 3, 1985) was devoted to this topic, and a later special issue (vol. 9. no. 2, 1987) called attention to the often overlooked possibilities of gardens for the urban poor. In general, it has been assumed that gardens that add to household food supplies and income also improve nutritional status.
Introduction
During the last 40 years, several development agencies, such as the Food and Agriculture Organization of United Nations, the United States Agency for International Development, and the International Development Research Centre, have supported the introduction or extension of vegetable gardening in the tropics. The aims of most garden projects of development agencies have been to improve the nutritional status or diversity of the diet of certain target groups, and to raise the income of vegetable growers through the sale of produce. Although large numbers of such projects have been initiated [1; 2] , very few have been evaluated, and it is not clear to what extent home gardens fulfil these expectations. It is generally assumed that a significant link exists among increased production of vegetables, increased income, and improved nutritional status; however, the complexity of the relationship has often been overlooked.
An opportunity to evaluate the nutritional effect of home gardening arose when we were invited in 1983 to conduct a survey in Senegal on a vegetable gardening project that had been initiated in 1967. The two experimental units were Kumbija and Ciise-Kaymor. The project did not survive in the latter unit, but in Kumbija the production and sale of vegetables proved to be commercially successful. It was part of a larger programme that included the increased use of fertilizers and improved seed varieties for the traditional crops of millet and groundnuts, the introduction of maize, and the establishment of primary health care and nutritioneducation activities.
To assess the food and nutrition impact of the home garden project, we made use of the results of seven surveys, conducted in 1970-1971 and 1980-1982 [36] , to make both chronological and cross-sectional comparisons. The averages of the dietary intakes reported in the two studies from 1970 and 1971 were compared with those from four surveys conducted in 1981 and 1982. The study in 1980, using a different survey technique, provided data allowing cross-sectional comparison of dietary patterns among vegetable growers, non-growers, and urban dwellers.
The village and its population

Location and ethnic groups
The village of Kumbija is located in the south-east of the Sine-Saloum region (in the Senegalese groundnut basin), in the department of Kaffrine, district of Kungël, about ten kilometres from the town of Kungël. Kungël, with about 3,600 people, is located on the railway from Dakar to Bamako, Mali, and the road between Dakar and Tambacunda. It is thus a local trade centre, with a daily market that attracts people from the surrounding villages.
Kumbija has several hamlets, in which members of three main ethnic groups live homogeneously. The village gets a fair amount of rain (800-1,000 mm a year) and did not suffer excessively from the drought in the 1970s. The major crops are groundnuts, mostly for sale, and millet, mainly for home consumption.
There are only two seasons: the rainy season, from June to October, during which the fields are cultivated, and the dry season the rest of the year. Only in recent years has home gardening been practiced by a limited number of families during the dry season. using water from wells for irrigation.
Food habits
Home-grown millet has traditionally been the staple food, but its consumption has declined progressively, especially in the cities, to be replaced by imported broken rice. The staple food is cooked with small quantities of chopped green leaves or vegetables and even smaller quantities of smoked or dried fish, which together constitute the sauce. Meat and poultry are seldom eaten and only on special occasions such as ceremonies and visits.
Home gardening in Kumbija
Home gardening as a dry-season activity was introduced in 1969 by the Senegalese Institute for Agricultural Research (ISRA), but only a small number of farmers were interested in practicing it. One ethnic group, however, was especially receptive to the idea. During the first years young plants were grown in nurseries and distributed free to the peasants. External assistance was limited to the sale of seeds and pesticides, and some technical advice. In addition, a special stand was obtained at the market of Kungël where the vegetable producers from Kumbija could sell their produce.
Extension agents had first contacted men about the project. These farmers appeared interested, started gardening, but then stopped. This was in part because they were embarrassed to carry water from the well, which is an activity specific to women. Soon women took over. Only one hamlet has a well that is operated by animals; in the others, the women draw water from the wells manually. The area cultivated by each household is small, 32 to 51 square metres.
The vegetable gardens are usually installed after the millet harvest on the plots of land closest to the huts. Men build fences and plough; women cultivate and sell produce. The vegetables most frequently grown are, in decreasing order: tomatoes (sweet and bitter), onions, cabbage, lettuce, eggplant, bissap (Guinean sorrel), okra, turnips, cowpeas, parsley, beets, peppers, and carrots.
The gardens are weeded frequently and watered twice a day. Drawing the water from the wells and watering are the most strenuous chores. ("Four women draw as much water as two oxen do'" declared the men during an interview. ) Often the women do not wait for the vegetables to mature fully before selling them. In the case of some plants, such as turnips, they sell the leaves rather than the root. This is related to the tradition of preparing sauces for couscous or rice from green leaves. Cultivated leaves are gradually replacing wild leaves for this purpose.
Women organized the marketing at the Kungël market, where they own a particular spot. To sell their products, they must get up by 5 a.m. and walk eight miles with heavy tin bowls of vegetables on their heads. 
Findings
The 1970 and 1971 studies
The 1970 and 1971 studies were conducted when vegetable gardening had barely started in Kumbija and long after the end of the gardening season. Thus no direct effect of home gardening was expected. They were used as a baseline. Results from the successive nutrition surveys (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) are shown in table 1 . The average per capita energy intake in 1970 and 1971 was approximately 2,200 kcal. Retinol equivalent intake was more than twice as high in 1970 as in 1971. The average per capita ascorbic acid intake was adequate in both years. In 1970 only 4% of the calories and 5% of the protein intake came from vegetables and fruits, but 97% of the retinol equivalent and 99% of the vitamin C came from wild leaves and fruits. The only vitamin seriously deficient in the diet was riboflavin. This was due mainly to the low consumption of foods of animal origin (2.5% of calories, 9.4% of protein). Wild leaves and fruits provided 21.6% of the riboflavin intake and were eaten in greater quantities than in the later studies.
The 1980 study
The 1980 study used a different technique to gather data, namely, home visits and interviews. Table 2 compares the daily consumption of most foods by different groups of people. Consumption of cultivated vegetables was more than twice as high among town dwellers as among the villagers with vegetable gardens. In 1980 the gardeners, in turn, ate on average more than three times as much as those who did not have gardens, but in 1981 they ate only the same quantity as the non-gardeners did in 1980. In comparison to 1970, consumption of cultivated vegetables increased markedly and that of wild fruits and leaves declined markedly. Most of the decline was due to a lower intake of climb fruit (Condylia pinnata), which was formerly frequently used to prepare sauces.
The 1980 study also attempted to measure the women's income from the sale of vegetables and their expenditures during and after the cultivation season. The average income the 64 women received from home gardening was US$29 per season. Only 12% of this income was spent during the marketing activities of the season, mostly on edible treats for their children. The rest, US$25, was spent at the end of the vegetable cultivation season (table 3) -almost half on clothes and cloth, and the rest on miscellaneous supplies. It is noteworthy that no women mentioned spending any of their earnings on drugs or medicine for their children, themselves, or other family members. The total amount spent on food was very small.
Satisfaction of nutritional requirements (1981)
From the 1981 data we calculated the degree to which the requirements for various nutrients were met. Protein intake was apparently adequate by the 1973 FAO/WHO recommendations [7] . No family was below the arbitrary critical intake threshold of 80% of energy requirements, as calculated from estimates of activity levels of adult members.
Using the WHO recommendations as a standard, the apparent intakes of retinol equivalent, riboflavin, folate, and zinc were below 75% of the recommended dietary allowances [8] . Increased consumption of vegetables could have reduced those deficiencies markedly. 
Discussion
Comparison of the data presented in table 1 suggests that nutrient intakes that would have been raised significantly by a marked increase in vegetable consumption (retinol equivalent, iron, calcium, ascorbic acid) were in general no higher in the 1980s than in the 1970s. This holds true if we compare the intake of those nutrients during the cultivation season of January-February 1982 with that in either the non-cultivation period or other seasons, May-June or August-September. A close look at household income and expenditure reveals that women are able to earn some income from vegetable sales as early as mid-December. The sale of groundnuts, a major source of income, does not take place before mid-January and lasts usually until mid-February. Therefore vegetables provide a modest but early income, to supplement that from groundnuts and cereals.
Unlike the rainy-season income, which is earned and kept by the men, that from gardening is kept by the women. This is much appreciated by women, as it enables them to spend money without asking their husbands. The increase in purchasing power allows the women to spend more and thus to perform better their duties in the family [5] .
As shown in table 3, only a small portion (1%) of the money from vegetable sales is spent on food, and apparently nothing is spent on medicine or drugs. Therefore, it is not surprising that this income affects family food intake and nutritional status only marginally.
Brownrigg [1] suggested that a number of dietary surveys omit consideration of wild food sources, thus reaching the erroneous conclusion that people lack specific vitamins or that they need to eat more vegetables. According to May. "The bush foods are invaluable and it is a matter of doubt whether Africans would have survived without them, especially during the hungry season" [9] . The contribution of wild plant species is indeed important in the diet of rural dwellers where the availability and variety of marketed foods are limited [10] . The consumption surveys reported here and the interviews with farmers showed clearly that traditional vegetables, as well as wild leaves and fruit, played an essential role in supplying minerals and vitamins. Thus the nutritional value of recently introduced cultivated vegetables should be established; they are rich in minerals and vitamins, but often not as rich as the wild leaves and fruit that they tend to replace.
It appears essential to develop local means of preserving vegetables. It seems that, because of the lack of such processing techniques that the women could use themselves, they grow only the quantities that they are able to sell.
Aid agencies are often more concerned with the contribution of home gardens to the nutritional wellbeing of families than with the economic impact of this activity. It is clear from the present study that the primary motivation of the women who engage in horticulture is to increase their income. While some produce is consumed by their households, most is grown for sale. Although the economic contribution of vegetable gardens to the household income is small, it allows women to purchase items that are specifically important to the improvement of their social status in a society where men have the dominant position. Even in the absence of measurable nutritional effects, household gardens can play an important part in promoting social change.
